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INVESTIGATION OF METHANE OCCURRENCE AND OUTBURSTS IN THE 
COTE BLANCHE DOMAL SALT MINE, LOUISIANA 
By Gregory M. ~olinda' 
ABSTRACT 
The Bureau of Mines conducted  a n  i n v e s t i g a t i o n  i n t o  t h e  o c c u r r e n c e  of 
o u t b u r s t s  of s a l t  known t o  be r e s p o n s i b l e  f o r  e x p l o s i o n s ,  f a t a l i t i e s ,  
and damage i n  domal s a l t  mines. The purpose  of t h e  i n v e s t i g a t i o n  was t o  
d e v e l o p  a  b a s i s  f o r  p r e d i c t i n g  t h e s e  o u t b u r s t s  based on g e o l o g i c  and 
a s s o c i a t e d  p h y s i c a l  p r o p e r t i e s  of s a l t .  
The i n v e s t i g a t i o n  was conducted  a t  t h e  Cote Blanche s a l t  mine i n  
s o u t h e r n  Lou i s i ana .  Because o u t b u r s t s  a r e  t h e  pr imary mode of methane 
e m i s s i o n  i n t o  t h e  mine, more t h a n  80 o u t b u r s t s ,  r a n g i n g  i n  s i z e  from 1 
t o  50 f t  i n  d i a m e t e r  have been mapped. These o u t b u r s t s  g e n e r a l l y  a r e  
a l i g n e d  and e l o n g a t e  p a r a l l e l  t o  t h e  d i r e c t i o n  of s a l t  l a y e r i n g .  More 
t h a n  200 s a l t  samples ,  bo th  random and s e l e c t e d ,  were t e s t e d  f o r  methane 
c o n t e n t .  It was found t h a t  o u t b u r s t  zones  a r e  w e l l  c o r r e l a t e d  w i t h  h i g h  
methane c o n t e n t .  D e t a i l e d  mapping a l s o  r e v e a l e d  t h a t  t h e  zones  a r e  w e l l  
d e f i n e d ,  w i t h  s a l t  c r y s t a l  s i z e  a b r u p t l y  i n c r e a s i n g  upon e n t r y  i n t o  t h e  
zone.  The i n t e n s i t y  of f o l d i n g  and k i n k i n g  of t h e  s a l t  l a y e r i n g  w i t h i n  
t h e  o u t b u r s t  zone a l s o  a p p e a r s  t o  i n c r e a s e .  An i n t e r b e d d e d  sand  l a y e r  
o c c u r r i n g  th roughou t  t h e  mine does  n o t  a p p e a r  t o  be a  s i g n i f i c a n t  s o u r c e  
of  methane. However, f i n e - g r a i n e d  s a l t  may be r e l a t e d  t o  o u t b u r s t  
o c c u r r e n c e .  
' ~ e o l o ~ i s t ,  P i t t s b u r g h  Research C e n t e r ,  Bureau of M i n e s ,  P i t t s b u r g h ,  PA. 
INTRODUCTION 
The Bureau of Mines h a s  developed a  
l a b o r a t o r y  test  f o r  d e t e r m i n i n g  methane 
c o n t e n t  i n  rock s a l t  samples ,  and h a s  
e v a l u a t e d  e m i s s i o n  c h a r a c t e r i s t i c s  of 
v a r i o u s  forms of s a l t .  T h i s  Bureau re- 
p o r t  a s s e s s e s  t h e  u s e f u l n e s s  of t h e s e  
tes ts ,  v a r i o u s  g e o l o g i c  p a r a m e t e r s ,  and 
rock sa l t  p r o p e r t i e s  i n  p r e d i c t i n g  t h e  
p o t e n t i a l  f o r  occurence  of o u t b u r s t s  i n  
domal s a l t  d e p o s i t s .  
The o c c u r r e n c e  of hydrocarbons  w i t h i n  
s a l t  s t r u c t u r e s  h a s  been obse rved  f o r  
many y e a r s  from e x p l o r a t i o n  d r i l l  h o l e s  
i n t o  t h e s e  s t r u c t u r e s  by bo th  t h e  o i l  and 
g a s  and s a l t  mining i n d u s t r i e s  ( I ) . ~  
Many g a s  o c c u r r e n c e s  have been encoun- 
t e r e d ,  but  most ly  d u r i n g  underground min- 
ing .  I n  one domal s a l t  mine, more t h a n  
9 0  p c t  of t h e  g a s  c o n t a i n e d  i n  a  recov- 
e r e d  sample is  methane (2). The re- 
mainder  c o n s i s t s  of h i g h e r  hydrocarbons ,  
0 2 ,  N 2 ,  and C02. 
The c h a r a c t e r  of methane e m i s s i o n  i n  
s a l t  mines is  d i f f e r e n t  t h a n  i n  c o a l  
mines. I n s t e a d  of t h e  con t inuous  b l e e d  
of  g a s  from t h e  f a c e ,  r o o f ,  and r i b  a s  
i n  c o a l  mines, methane i n  domal s a l t  i s  
e m i t t e d  mainly a s  a n  i n s t a n t a n e o u s  re- 
l e a s e  of g a s  from s a l t  broken d u r i n g  
b l a s t i n g  of p r o d u c t i o n  f a c e s .  Gas h a s  
a l s o  been known t o  b l e e d  from n a t u r a l  
f r a c t u r e s  i n  s a l t ,  from b l a s t  d r i l l  
h o l e s ,  o r  from u n d e r c u t t i n g  a  f a c e  i n  
p r e p a r a t i o n  f o r  b l a s t i n g .  I n  a t  l e a s t  
one  i n s t a n c e  where a c o n t i n u o u s  miner was 
u s e d ,  g a s  was e m i t t e d  (1,000-8,000 f t 3 / d )  
t h r o u g h  t h e  f a c e  and r i b s ,  m i g r a t i n g  p r i -  
m a r i l y  a l o n g  l a y e r i n g  w i t h i n  t h e  s a l t  
(2). When compared w i t h  c o a l  mines,  some 
of  which r o u t i n e l y  emit  s e v e r a l  m i l l i o n  
c u b i c  f e e t  of methane p e r  day,  i t  i s  s e e n  
t h a t  methane s o u r c e s  i n  s a l t  mines r a r e l y  
amount t o  a  s i g n i f i c a n t  volume of methane 
and a r e  r e a d i l y  d i l u t e d  by t h e  v e n t i l a -  
t i o n  system. Th i s  has  l e d  t o  t h e  b e l i e f  
t h a t  rock s a l t  is  e s s e n t i a l l y  
' u n d e r l i n e d  numbers  i n  p a r e n t h e s e s  re- 
f er t o  items i n  t h e  l i s t  o f  r e f e r e n c e s  a t  
t h e  e n d  o f  t h i s  r e p o r t .  
impermeable,  and t h a t  haza rdous  methane 
e m i s s i o n s  g e n e r a l l y  occur  on ly  d u r i n g  
f a c e  b l a s t i n g  (1 ) .  
Hazardous e m i s s i o n s  of methane occur  
i n f r e q u e n t l y  d u r i n g  p r o d u c t i o n  b l a s t i n g .  
These e m i s s i o n s  c h a r a c t e r i s t i c a l l y  t a k e  
t h e  form of o u t b u r s t s .  An o u t b u r s t ,  a s  
i t  a p p l i e s  t o  rock s a l t  mining,  can  be 
d e f i n e d  a s  a n  unexpected,  n e a r l y  i n s t a n -  
t aneous  e x p u l s i o n  of g a s  and rock s a l t  
f rom a p r o d u c t i o n  f a c e .  The r e s u l t s  of 
o u t b u r s t s ,  normal ly  c o n i c a l  c a v i t i e s ,  a r e  
c r e a t e d  by t h e  e x p u l s i o n  of broken rock 
s a l t  and g a s  i n t o  t h e  p r e v i o u s l y  mined 
opening.  These c o n i c a l  o r  c y l i n d r i c a l  
c a v i t i e s  g e n e r a l l y  range i n  s i z e  from 
1  f t  t o  t e n s  of f e e t  i n  d i a m e t e r ,  and can  
be more t h a n  270 f t  high.  Average ou t -  
b u r s t  c a v i t y  h e i g h t s  may be 1 0  t o  20 f t ,  
and t h e y  are a lmos t  a lways  p ropaga ted  
upward. They commonly o c c u r  a t  e i t h e r  
t h e  r ib-roof  j u n c t i o n  o r  s t r i c t l y  i n t o  
t h e  roof .  Only r a r e l y  h a s  a c a v i t y  
ex tended  i n t o  t h e  f l o o r .  
It i s  though t  t h a t  most o u t b u r s t s  a r e  
a t  l e a s t  p a r t l y  t h e  r e s u l t  of r a p i d  re- 
lease of h igh-pressure  gas .  I n  t h e  g u l f  
c o a s t  r e g i o n  t h e  g a s  i s  mainly methane. 
Methane, hydrogen s u l f i d e ,  and ca rbon  
d i o x i d e  have been no ted  i n  P o l i s h  s a l t  
mines f o r  c e n t u r i e s  (A). O u t b u r s t s  a t  
t h e  now-flooded Winnf ie ld  sa l t  mine i n  
L o u i s i a n a  were thought  t o  be d r i v e n  by 
p r e s s u r i z e d  C02, a s  were o c c u r r e n c e s  i n  
s e v e r a l  European s a l t  mines. The f a t a l  
mine d i s a s t e r  a t  t h e  B e l l e  Isle Mine i n  
1979 proved t h a t  h igh-pressure  methane i n  
l a r g e  q u a n t i t i e s  cou ld  be e m i t t e d  (L, 5- 
5). It i s  e s t i m a t e d  t h a t  more t h a n  - 
600,000 f  t 3  of methane was e m i t t e d  i n -  
s t a n t a n e o u s l y  from t h e  o u t b u r s t  t h a t  
caused t h a t  d i s a s t e r  (1 ) .  
How methane was i n c o r p o r a t e d  i n  sa l t  
domes is u n c e r t a i n .  Methane may have 
been e n t r a i n e d  i n  t h e  s a l t  mass s h o r t l y  
a f t e r  i t  became mobile,  o r  gas  u n d e r  h i g h  
p r e s s u r e  from deep ly  b u r i e d  o r g a n i c  s e d i -  
ments o v e r l y i n g  t h e  e v a p o r i t e  sequence  
may have been i n c o r p o r a t e d  i n t o  t h e  
r i s i n g  sa l t  plume. T h i s  g a s  may have 
become i s o l a t e d  i n  p r e s su r i z ed  zones and 
was c a r r i e d  w i t h i n  t h e  s a l t  s t o c k  towards 
t h e  su r f ace .  
Prev ious  work has  shown a  r e l a t i o n s h i p  
between anomalous s a l t  zones and gas  
occurence  (2-3, 5) .  Kupfer d e s c r i b e s  
i n t e r n a l  anomalous zones a s  t h e  a r e a  
between a d j a c e n t  s a l t  s t o c k s  where rock 
h a s  been i nc luded ,  ( 7  ). Another anomalous 
zone i s  t h e  contact '  of s a l t  s t o c k s  w i th  
bo rde r ing  s t r a t a .  When mining approaches  
t h e s e  l a r g e  i n t e r n a l  o r  boundary a r e a s ,  
t h e  methane con t en t  of s a l t  i n c r e a s e s  a s  
w e l l  a s  does o u t b u r s t  frequency. Not a l l  
s t r u c t u r e ,  and gas  h i s t o r y  may vary 
g r e a t l y  from one dome t o  t h e  next.  
Geologic f a c t o r s  t h a t  caused changes 
i n  c r y s t a l  t e x t u r e ,  s t r u c t u r e  of t h e  
d i s t o r t e d  s t r a t a ,  and geochemical charac-  
t e r i s t i c s  a r e  probably r e spons ib l e  f o r  
t h e  occur rence  of high-pressure  zones ,  a s  
w e l l  a s  t h e  a c t u a l  ou tbu r s t s .  Mechani- 
c a l  deformat ion r e l a t e d  t o  cavern devel-  
opment may a l s o  p lay  a  r o l e ,  but  is 
beyond t h e  scope of t h i s  r epo r t .  Th is  
r e p o r t  p r e s e n t s  t h e  r e s u l t s  of d e t a i l e d  
geo log i c  mapping and sampling of rock 
s a l t  f o r  methane con ten t  and a p p l i e s  
g u l f  c o a s t  s a l t  mines i n t e r s e c t  t h e s e  t h e s e  r e s u l t s  t o  a i d  i n  t h e  p r e d i c t i o n  of 
anomalous zones ,  and t h e  composi t ion,  o u t b u r s t s .  
NATURE OF OUTBURSTS AT THE COTE BLANCHE MINE 
The Cote Blanche Mine, one of f i v e  
remaining domal s a l t  mines i n  t h e  gu l f  
c o a s t  reg ion ,  i s  l o c a t e d  approximately  30 
m i l e s  s o u t h  of New I b e r i a ,  i n  sou the rn  
Lou i s i ana  ( f i g .  1) .  Th is  mine has  been 
i n  o p e r a t i o n  s i n c e  1961, u s ing  a  room- 
a n d - p i l l a r  scheme. Rooms a r e  normally 55 
f t  wide, squa re  p i l l a r s  a r e  100 f t  on a  
s i d e ,  w i th  a  f i r s t - c u t  room he igh t  of 25 
i t .  A second o r  bench c u t  is  then  re -  
moved by b l a s t i n g  ou t  t h e  f l o o r ,  making a  
t o t a l  room he igh t  of 80 f t .  The mining 
a r e  e x t r a c t e d  by u n d e r c u t t i n g  and b l a s t -  
ing.  The s a l t  i s  t hen  sc reened  and 
crushed underground and brought t o  t h e  
s u r f a c e  on a  s k i p ,  where i t  is  loaded on 
barges  by a  conveyor b e l t  system. 
More than  80 o u t b u r s t s  have been ob- 
se rved  a t  t h e  Cote Blanche Mine. They 
occur  throughout  t h e  1 ,365-f t  mine l e v e l ,  
but they tend t o  be concen t r a t ed  i n  r e l a -  
t i v e l y  sma l l  a r ea s .  Most o u t b u r s t s  and 
t h e  l a r g e s t  i n  s i z e  a r e  c l u s t e r e d  i n  t h e  
n o r t h e a s t  quadran t  and t h e  sou the rn  h a l f  
p l a n  is  n e a r l y  a  p e r f e c t  gridwork and has  of t h e  mine ( f i g .  2). Outburs t s  can be 
n o t  changed s i n c e  t h e  mine opened. Faces i d e n t i f i e d  by a  c h a r a c t e r i s t i c  c o n i c a l  
shape w i th  c o n c e n t r i c  f r a c t u r i n g  o r  
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MS \ mine (22 LS), o u t b u r s t s  occur  d i agona l l y  
'I L A  { I on e i t h e r  s i d e  of an  en t ry .  3  I f  t h e s e  
TX I ----- two c a v i t i e s  a r e  from t h e  same o u t b u r s t  
occurrence,  a s  is  expected,  t h e  t o t a l  
o u t b u r s t  l eng th  would be over  100 f t .  
3 ~ i n e  l o c a t i o n  is  d e s i g n a t e d  by a  g r i d  
Mexico Belle Isle work sys tem a s  shown i n  f i g u r e  2.  Cross -  
o 50 c u t s  o r  e n t r i e s  s e p a r a t e d  by a hyphen m 
Scale, rn~les (e.g. ,  I-JN) i n d i c a t e  a  l o c a t i o n  between 
FIGURE 1.-Location of study area showing active and inactive t h e  c r o s s c u t  o r  e n t r y ;  N and S i n d i c a t e  
domal salt mines in gulf coast area. n o r t h e r n  and s o u t h e r n  p a r t  of t h e  mine. 
It is  d i f f i c u l t  t o  e s t i m a t e  t h e  s i z e  
of some o u t b u r s t s ,  and a l s o  t h e  number 
of o u t b u r s t s  involved because of t h e  
n a t u r e  of t h e i r  occurrence. Seve ra l  ou t -  
b u r s t s  can combine t o  form what appears  
t o  be one l a r g e  o u t b u r s t  cav i ty .  A de- 
t a i l e d  i n s p e c t i o n  may show t h e  charac- 
t e r i s t i c  bul l ' s -eye p a t t e r n  a t  t h e  ter- 
minat ion of each o u t b u r s t ,  i n d i c a t i n g  two 
s imultaneous occurrences ( f i g .  3). Close 
obse rva t ion  of f r a c t u r e  p a t t e r n s  shows 
t h a t  many o u t b u r s t s  a r e  l a r g e r  i n  diam- 
e t e r  than  t h e  f i n a l  c a v i t y  l e f t  i n  t h e  
w a l l  o r  roof would i nd i ca t e .  F u r t h e r  
advance of t h e  f a c e  by mining can remove 
much of t h e  ou tbu r s t  c a v i t y  ( f i g .  4). 
Outburs t s  occur  i n  a number of shapes. 
Almost always t h e  o u t b u r s t  c a v i t y  w i l l  
have a  con ica l  o r  c y l i n d r i c a l  shape, but 
minor v a r i a t i o n s  on t h i s  shape a r e  
nume rous (8). 
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FIGURE 3.-Multiple outbursts showing concentric fracturing 
known as onionskin texture and bull's-eye termination. 
Most o u t b u r s t s  a t  Cote Blanche Mine 
propagate  v e r t i c a l l y ,  fo l lowing  t h e  near  
v e r t i c a l  domal s t r u c t u r e ,  but two out- 
b u r s t s  were observed t o  propagate  down- 
ward i n t o  t h e  f l oo r .  One example appears  
t o  be t h e  t e rmina t ion  of a n  o u t b u r s t  
(8-f t  diam, 5 f t  deep) ,  which seems t o  
plunge approximately 20° below h o r i z o n t a l  
i n t o  t h e  f l o o r  ( e a s t  f a c e  of t h e  i n -  
t e r s e c t i o n  of 22 LS) ( f i g .  2). Another 
example occurs  i n  t h e  bench (no r th  f a c e  
of 21 NS). Extensive down-plunging out-  
b u r s t s  could p re sen t  s e r i o u s  hazards  t o  
mu l t i p l e  l e v e l  mining. 
Prev ious ly ,  i t  was be l i eved  t h a t  out- 
b u r s t  occurrence i n  bench a r e a s  was ra re .  
However, mapping has  shown t h a t  o u t b u r s t s  
do occur  i n  benches a t  Cote Blanche ( f i g .  
5). I n  f a c t ,  some of t h e  l a r g e s t  out-  
b u r s t s  were observed i n  bench c u t s  (22 
LS). It was prev ious ly  be l ieved  t h a t  
f a c e  mining above benched a r e a s  would 
r e l i e v e  gas  p re s su re  and prevent  out- 
b u r s t i n g  i n  t h e  bench. But normal s a l t  
i s  s o  impermeable t h a t  i t  w i l l  con t inue  
t o  hold gas under p re s su re  even when mine 
openings a r e  c lose.  An example is  t h e  
ou tbu r s t -p rone  a r e a  a t  mine l o c a t i o n  25- 
26 GN ( f i g .  2). Mining was proceeding 
e a s t  between e n t r i e s  25 and 26 when out- 
b u r s t s  were encountered. Mining was 
h a l t e d  a t  t h i s  point .  Ten yea r s  l a t e r  
mining was resumed and o u t b u r s t s  were 
immediately encountered. Gas p r e s s u r e  
had not  been s u b s t a n t i a l l y  r e l i e v e d  dur- 
i n g  a  l O y r  period. 
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f IGURE 4.- Cross section of mining advance showing out- 
burst cavity removal by successive production blasts. 
GEOLOGY OF THE COTE BLANCHE SALT DOME 
The Cote Blanche s a l t  dome i s  one of 
t h e  famous f i v e  i s l a n d  s a l t  domes. These 
domes form a  l i n e  t r e n d i n g  roughly NW-SE 
f o r  60 mi les  j u s t  s o u t h  of New I b e r i a ,  LA 
( f i g .  1 ) .  They a r e  d i a p i r i c  s a l t  s t r u c -  
t u r e s  o r i g i n a t i n g  i n  t h e  Louann Formation 
of Permian-Jurass ic  age (9 ) .  It has  been 
thought  t h a t  t h e  Cote ~ i a n c h e  dome is  
formed from a t  l e a s t  two s a l t  s p i n e s  t h a t  
moved r e l a t i v e  t o  each  o t h e r ,  l e a v i n g  a  
marked overhang t o  t h e  n o r t h  (10). I n  
c o n t r a s t  t o  t h e  o t h e r  f o u r  i s l a n d  s a l t  
domes, t h e r e  is  no underground ev idence  
of  a n  in terna l  boundary zone a t  t h e  Cote 
Gianche Mine t h a t  would i n d i c z t e  t h e  con- 
ve rgence  of two o r  more s a l t  plumes. 
Kupfer r e p o r t s  bedding p a r a l l e l  t o  t h e  
domal margin i n  t h e  s o u t h e a s t e r n  p a r t  of 
s e v e r a l  reasons .  F i r s t ,  they  fo l low 
c l o s e l y  t h e  t r e n d  of s a l t  l a y e r i n g  i n  
o c c u r r e n c e s  throughout  t h e  mine; second,  
t h e y  m a i n t a i n  a  f a i r l y  c o n s t a n t  t h i c k n e s s  
(1-6 f t ) ;  t h i r d ,  t h e  c o n t a c t  between t h e  
sand and t h e  a d j a c e n t  s a l t  i s  very  s h a r p ;  
and f o u r t h ,  t h e  sand has  a  f a i r l y  cons i s -  
t e n t  m i n e r a l o g i c  composit ion.  T h i s  sand 
u n i t  is one of t h e  few marker beds i n  t h e  
complexly f o l d e d  s a l t  s t r a t a .  Another 
marker bed is  a  b lack ,  carbonaceous  s i l t  
c l a y  member ( f i g .  8). 
F i g u r e  9  shows t h e  d i s t r i b u t i o n  of sand 
throughout  t h e  mine. Based on t h e s e  
marker beds and s t r u c t u r a l  mapping, i t  
a p p e a r s  t h a t  a l though  l o c a l  f o l d i n g  is  
complex, t h e  a x i s  of a  l a r g e  f o l d  runs  
from t h e  nor thwest  t o  t h e  c e n t e r  of t h e  
t h e  mine (10).  T h i s  appears  t o  be t h e  mine and t u r n s  southward. S i n c e  t h e  
o n l y  i n d i c a t i o n  of a  p o s s i b l e  boundary s t r a t a  a r e  n e a r l y  v e r t i c a l ,  t h e  b e s t  de- 
zone w i t h i n  t h e  mine l i m i t s .  T h i s  type  
of  zone is caused by v e r t i c a l  dome move- 
ment and r e s u l t s  i n  d r a g  of a d j a c e n t  rock 
and  s a l t  l a y e r s .  
A s  i n  a l l  of t h e  o t h e r  Louis iana  f i v e  
i s l a n d  s a l t  domes, t h e  i n t e r n a l  s t r u c t u r e  
i s  n e a r l y  v e r t i c a l ,  a l t h o u g h  l o c a l l y  s a l t  
beds have been observed t o  r o l l  over  t o  
n e a r l y  45' from h o r i z o n t a l .  Mapping 
shows i n t e r n a l  s t r u c t u r e  t o  be extremely 
complex ( f i g s .  6-7). The a l t e r n a t i n g  
bands of l i g h t  and dark  s a l t  a r e  consid-  
e r e d  t o  be o r i g i n a l  bedding from t h e  
e v a p o r i t e  sequence (1 - 0).  Sediment i n c l u -  
s i o n s  occur  mainly i n  t h e  form of a n  
i n t e r b e d d e d  sand, a s  opposed t o  t h e  mas- 
s i v e  i n c o r p o r a t i o n  of e l a s t i c  and o r g a n i c  
d e b r i s  i n  anomalous zones. These sandy 
beds a r e  cons idered  o r i g i n a l  bedding f o r  
s c r i p t i o n  of t h e  s t r u c t u r e  may be a s  a  
v e r t i c a l ,  e l l i p t i c a l  c y l i n d e r ,  open t o  
t h e  nor thwest .  F o l d i n g  i n  t h e  n o r t h e r n  
h a l f  of t h e  mine appears  t o  be b roader  
and more open w i t h  t h e  f o l d  l imbs ap- 
p roach ing  each o t h e r  and t i g h t e n i n g  a s  
t h e  a x i s  i s  fol lowed southward ( f i g .  10). 
Th i s  i n t e r p r e t a t i o n  i s  suppor ted  by pre- 
v i o u s  mapping (10) .  
The i n t e r b e d d z  sand occurs  d i s c o n t i n u -  
ous ly .  It may be p e r s i s t e n t  o v e r  s e v e r a l  
c r o s s c u t s  t h e n  d i s a p p e a r s  and r e a p p e a r s  
a f t e r  s k i p p i n g  a  c r o s s c u t .  It o c c u r s  a s  
a  sequence of up t o  two c l o s e l y  spaced 
t h i n  exposures  from 1  t o  6 f t  t h i c k  ( 6  
LN). It is  p o s s i b l e  t h e  exposures  a r e  
from t h e  same complexly f o l d e d  bed (6  LN) 
( f i g .  11). It is  p o s s i b l e  t h a t  a l l  of t h e  
s a n d s t o n e  i n  t h e  mine i s  from t h e  same 
FIGURE 6.-Mine map showing outbursts and their relationship to layering structure, salt crystal size, and methane content, 
study area 1. 
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FIGURE 7.-Mine map showing outbursts and their relationship to layering structure, salt crystal size, and methane content, 
study area 2. 
s t r a t i g r a p h i c  horizon. Because of t h e  
complex f o l d i n g  of domal s t r a t a ,  t h e  bed 
could have fo lded  back on i t s e l f  i n  t h e  
a r e a  around 22 ON and cont inued south  
through the  c e n t e r  of t h e  dome. The 
sands tone  bed should be continuous but i t  
i s  absent  probably because of v e r t i c a l  
shea r ing ,  which may leave  t h e  sheared  
p o r t i o n  of t he  bed e i t h e r  above o r  below 
t h e  mined horizon. 
The sandy beds, i n  many i n s t a n c e s ,  
occur  a s  blocky cobbles  up t o  4 f t  i n  
diameter.  These blocks sometimes form a 
c o l l a p s e  breccia .  A t  8-9 PN i t  appears  
t h a t  t he  potash mat r ix  was p a r t i a l l y  d i s -  
so lved ,  a l lowing t h e  sand bed t o  co l l apse  
and brecc ia te .  A boudinage s t r u c t u r e  
a l s o  commonly occurs  ( f i g .  12). Boudin- 
age s t r u c t u r e  i s  cha rac t e r i zed  by sau- 
s a g e l i k e  shapes caused by pinching and 
s w e l l i n g  deformation. These r o l l e d  and 
s t r e t c h e d  blocks a r e  a r e s u l t  of v e r t i c a l  
t r a n s p o r t .  I n  one i n s t ance ,  a t h i n  (2-in 
t h i c k )  continuous c l ay  band p a r a l l e l s  t he  
boudinage s t r u c t u r e ,  a t t e s t i n g  t o  t h e  
coherency of t he  c l ay  l a y e r  r e l a t i v e  t o  
t h e  r i g i d ,  d i scont inuous  sandstone. With 
v e r t i c a l  flowage t h e  c l ay  g r a i n s  f l a t -  
t ened  out  and s t r e t c h e d ,  main ta in ing  t h e  
s t r a t a  con t inu i ty .  The n o n p l a s t i c  q u a r t z  
g r a i n s  s epa ra t ed  and formed t h e  boudinage 
s t r u c t u r e .  
The sand occurs  a s  both unconsol ida ted  
sediment and a s  sandstone b locks  w i th  KC1 
a s  t h e  cement f o r  both blocks and g ra in s .  
The amount of sand w i t h i n  t h e  l a y e r  var- 
i e s  from 60 pc t  t o  only a few percent .  
The sediment is sometimes rep laced  by a 
pinkish-orange s y l v i n i t e ,  a mixture  of 
h a l i t e  and KC1 minera l s*  The amount of 
KC1 i s  approximately 7 t o  10 pct .  Kupfer 
s t a t e s  t h a t  t h i s  a s s o c i a t i o n  of KC1 and 
sand is no t  unexpected i n  t h e  o r i g i n a l  
environment of depos i t i on  i f  i t  i s  
assumed t h a t  t h e  sand and K C 1  a r e  both 
primary bedding (7). The potash  mineral ,  
s y l v i t e ,  is quite-common and i s  p r e c i p i -  
t a t e d  from a b r i n e  s o l u t i o n  when evapora- 
t i o n  r a t e s  a r e  high,  poss ib ly  because of 
h igh  winds. I n  such an  a r i d  c l ima te ,  
l a r g e  amounts of sand and s i l t  could be 
blown i n t o  t h e  evapor i t e  basin.  
FIGURE 10.-Generalized structure map of Cote Blanche Mine. 
Table  1 shows t h e  m i n e r a l o g i c  composi- g e n e r a l l y  s a n d s t o n e  o r  s i l t s t o n e  w i t h  a 
t i o n  of d i s s o l v e d - o u t  ( s a l t - f r e e )  c l a s -  s m a l l  p e r c e n t a g e  of metamorphic f r a g -  
t i c s  from s e v e n  sediment  samples.  Quar tz  ments. O t h e r  components i n c l u d e  mica, 
i s  t h e  predominant m i n e r a l ,  w i t h  up t o  a r a g o n i t e ,  c a l c i t e ,  do lomi te ,  and c h e r t .  
2 5  p c t  rock f r agments  a s  t h e  nex t  most Some a n h y d r i t e  is  found,  bu t  a l t h o u g h  a n  
f r e q u e n t  component. Rock f ragments  a r e  i n s o l u b l e ,  i t  is  n o t  a  d e t r i t a l  mine ra l .  
FIGURE 11.-Overturned beds at Cote Blanche Mine. 
TABLE 1.  - Mineralogic composition of sa l t - free  sediment from se lected samples, 
Cote Blanche s a l t  mine, percent 
Sample Quartz I Feldspar I Rock fragment I Other I Location 
7............. 1 7 8 6 1 15 1 1 1 7- 8 KN 
'Shale, e i l t s t o n e ,  sandstone, metasediments. 
25 I 1 1 10 I-JN . . . . . . . . . . . . . . . . . . . . . . . . . .  I 7 4 0 
FIGURE 12.-Vettical sandstone unit showing typical pinch 
and swell boudinage structure. 
GRAIN SIZE, mm 
FIGURE 13.-Grain size distribution plot of sediment dissolved 
out of included sandstone. 
The average g r a i n  s i z e  is f i n e  t o  very 
f i n e  sand wi th  many g r a i n s  being rounded 
t o  w e l l  rounded. Figure 13 is  an average 
g r a i n  s i z e  d i s t r i b u t i o n  p l o t  developed 
from s t anda rd  s i e v e  a n a l y s i s  f o r  t h e  
sandstone.  The samples average 10 t o  15 
p c t  of sediment i n  t h e  s i l t  s i z e  o r  
s m a l l e r  range. The extreme rounding, 
s p h e r i c i t y ,  and f r o s t i n g  of t h e  qua r t z  
g r a i n s ,  and the  g r a i n  s i z e  d i s t r i b u t i o n ,  
suppor t  t h e  theory of a e o l i a n  t r a n s p o r t  
i n t o  t h e  evapor i t e  basin. These param- 
e t e r s  were eva lua ted  by s t anda rd  
pe t rog raph ic  methods. This  sandstone,  
when exposed, weathers  e a s i l y  i n  t h e  mine 
atmosphere, because t h e  KC1 minera l s  
r e a d i l y  absorb  moisture  and swe l l ,  d i s -  
r u p t i n g  bedding i n t e g r i t y .  
Sandy beds wi th  varying amounts of KC1 
a r e  t h e  most f r equen t ly  observed c l a s t i c  
occurrence. But a t  26 JS another  type  of 
sediment is  observed; a reddish-brown 
sands tone ,  much harder  than the  f i r s t  
example ( f i g .  8). This  exposure is a 
t r u e  sands tone ,  whi le  most of t h e  o t h e r  
sediment is unconsol idated.  It appears  
t h a t  t h i s  i s  an  i n d i v i d u a l  bed s e p a r a t e d  
s t r a t i g r a p h i c a l l y  by s e v e r a l  hundred f e e t  
from t h e  KC1-rich sand un i t .  It is i m -  
p o s s i b l e  t o  determine t h e  r e l a t i v e  
s t r a t i g r a p h i c  age because of complicated 
fo ld ing .  The i n d i v i d u a l  qua r t z  g r a i n s  
a r e  s t a i n e d  reddish ,  and t h e r e  is a 
h ighe r  percentage  of f e l d s p a r  (sample 5 
i n  t a b l e  1). I n  t h e  nor thern  ha l f  of t h e  
mine t h e r e  is  a t h i n  bed of black,  car -  
bonaceous s i l t  clay.  It is seen  i n  fou r  
exposures  (8  KN, 17 MN, 22 ON, 21 NN) 
( f i g .  8). The assumed c o n t i n u i t y  of t h i s  
l a y e r  a c r o s s  t h e  mine is based e n t i r e l y  
on t h e s e  exposures.  Kupfer observed 
black c l ay  i n  sma l l  b a l l s  i n  t he  sou the rn  
p a r t  of t h e  mine a s s o c i a t e d  wi th  ou t -  
b u r s t s  . No such a s s o c i a t i o n  was 
observed wi th  t h i s  c l a y  layer .  
Occurr ing p r i n c i p a l l y  i n  the  sou the rn  
p a r t  of t he  mine i s  a zone of hard, f i n e -  
g ra ined  s a l t  (f ig.  8). This  s a l t  is 
extremely f  ine-grained and b r i t t l e  and 
has  a c h a r a c t e r i s t i c  r i ng ing  sound when 
s t ruck .  Kupfer desc r ibed  t h e  zone a s  
"yellow massive s a l t t 1  (10). This  zone 
can be t r aced  from 14 DS t o  18 PS. It is  
b e s t  exposed i n  t h e  v e n t i l a t i o n  t unne l  a t  
ES, where i t  is a s s o c i a t e d  wi th  b r i n e  
seepage and chemical impur i t i e s .  Th i s  
s a l t  is p a r t i c u l a r l y  d i f f i c u l t  t o  mine 
because of i t s  hardness.  It is d i f f i c u l t  
t o  d r i l l  and b l a s t  a s  w e l l  a s  t o  crush. 
The s a l t  occurs  i n  a zone a s  an i n t e r -  
bedded normal s a l t  and f ine-grained s a l t .  
The zone appears  t o  be over  300 f t  wide 
a t  i t s  no r the rn  t e rmina t ion  a t  14 DS, and 
t a p e r s  t o  20 f t  a t  18 PS. It is  a l s o  
known s p o r a d i c a l l y  i n  t h e  no r the rn  p a r t  
of the  mine a t  15 ON,  18 QN. 
There is  a d i s t i n c t i v e  j o i n t i n g  p a t t e r n  
a s soc i a t ed  w i th  t h i s  f ine-grained s a l t ,  
which i s  not  found i n  any o t h e r  p a r t  of 
t h e  mine. A t  18-1/2 JS  t h e r e  i s  an  open- 
i n g  t h a t  appears  t o  be a  n a t u r a l  cav i ty .  
It is  approximately 13 i n  high by 30 i n  
wide and a t  l e a s t  30 f t  deep. When t h i s  
opening was f i r s t  encountered by mining, 
g a s  p r e s s u r e  was observed du r ing  under- 
c u t t i n g .  There i s  a  sequence of c l o s e l y  
METHANE CONTENT OF THE 
Gases phys i ca l l y  occur i n  s a l t  i n  sev- 
e r a l  ways. The gas  can e x i s t  on t h e  
c r y s t a l  boundaries o r  between g ra in s .  
Methane t h a t  e x i s t s  i n  t h i s  way would be 
most l i k e l y  t o  escape upon product ion  
b l a s t i n g  o r  f r a c t u r i n g  due t o  b l a s t i n g .  
Methane can a l s o  occur e n t r a i n e d  w i t h i n  
t h e  s a l t  c r y s t a l  mat r ix  i t s e l f  ( f i g .  14). 
Ent ra ined  bubbles,  s e v e r a l  millimeters 
a c r o s s ,  can be seen  wi th  t h e  unaided eye. 
These bubbles ,  which occas iona l ly  c o n t a i n  
b r i n e ,  a r e  b e s t  seen  i n  very methane-rich 
spaced j o i n t s  t r end ing  N SO0 E both above 
and below t h e  cav i ty .  The j o i n t s  d i p  23' 
SW, p a r a l l e l i n g  t h e  open f r a c t u r e .  The 
same j o i n t  p a t t e r n  occurs  i n  t h e  next 
room a t  19 IS. These a r e  t h e  most promi- 
nent  j o i n t s ,  a l though they occur  else- 
where i n  t h e  f ine-gra ined  s a l t  zone. 
COTE BLANCHE SALT DOME 
s a l t .  Gases can a l s o  occur i n  more 
permeable zones u s u a l l y  a s soc i a t ed  wi th  
sediment-rich anomalous zones (2). When 
t h e s e  zones a r e  pene t r a t ed  by mining o r  
d r i l l i n g ,  small amounts of gas  can bleed 
o f f .  Gases r a r e l y  occur  i n  open c a v i t i e s  
o r  pockets. The p l a s t i c  na tu re  of s a l t ,  
e s p e c i a l l y  mobile s a l t ,  i s  t o  c l o s e  a l l  
openings. Evidence t h a t  ou tbu r s t  gases  
a r e  not  contained i n  a  c a v i t y  is  seen  
by t h e  amount of s a l t  expe l led  by 
t h e  ou tburs t .  The volume of s a l t  
FIGURE 14.-Photomicrograph of salt crystal showing entrained gas bubbles. 
e x p e l l e d  is  g e n e r a l l y  enough t o  f i l l  t h e  
c a v i t y  . 
Prev ious  Bureau work has  shown t h a t  
h i g h  methane con t en t  and o u t b u r s t  occur- 
r ence  i n  domal s a l t  a r e  r e l a t e d  (G). 
Even though o u t b u r s t s  a r e  no t  e x c l u s i v e l y  
r e l a t e d  t o  methane con t en t ,  t h i s  p rope r ty  
c an  be used a s  an  e a r l y  warning device .  
The Cote Blanche Mine c u r r e n t l y  uses  a  
f i e l d - adap t ed  d i s s o l u t i o n  tes t  f o r  meth- 
ane.  Th is  t e s t  was developed by t h e  
Bureau and r e l a t e s  n o i s e  l e v e l s  g iven  o f f  
by t h e  s a l t  when methane is  r e l e a s e d  t o  
methane con ten t .  S a l t  is d i s s o l v e d  i n  
f r e s h  wate r  and a  microphone records  t h e  
popping sound genera ted  by t h e  pres-  
s u r i z e d  w t h a n e .  These n o i s e  l e v e l s  have 
been c a l i b r a t e d  t o  methane con t en t  us ing  
t h e  s t anda rd  d i s s o l u t i o n  test  a l s o  devel-  
oped by t h e  Bureau (12). The test  has  
been shown t o  be u s e f x  i n  a l e r t i n g  mine 
pe r sonne l  t o  gassy cond i t i ons .  A t  Cote 
Blanche,  a  new l e v e l  is  being planned 
above t h e  p r e sen t  l e v e l .  S ince  s t r a t a  
c o n t i n u i t y  is  near  v e r t i c a l  i n  s a l t  
domes, methane-enriched zones can be 
p r o j e c t e d  v e r t i c a l l y .  So by c h a r t i n g  
methane con t en t  on one l e v e l ,  t h i s  same 
i n fo rma t ion  may be used a s  an  a i d  t o  
r educ ing  hazards  on ano the r  l e v e l .  
S a l t  samples from Cote Blanche Mine 
have been t e s t e d  f o r  methane con t en t  i n  
o r d e r  t o  c h a r a c t e r i z e  t h e  n a t u r e  of meth- 
a n e  occurrence.  Two hundred n ine t een  
s a l t  samples have been t e s t e d  f o r  methane 
c o n t e n t  a t  Cote Blanche. Many of t h e  
g a s s y  a r e a s  of t h e  mine have been sampled 
a s  w e l l  a s  a  random sampling f o r  con t ro l .  
Methane con t en t  ranged from 0.0 t o  8.7 
cm3 CH4 pe r  100 g  NaC1. A sa l t  sample is  
cons ide r ed  methane en r i ched  when more 
t h a n  0.30 cm3 CH4 pe r  100 g  NaCl i s  m a -  
s u r e d  (11). Some of t h e  methane con t en t s  
a t  ~ o t e ~ l a n c h e  a r e among t h e  h i g h e s t  
measured i n  t h e  Gulf Coast  basin .  Tab le  
2 shows some of t h e  methane con t en t  Sam- 
p l e s  a t  Cote Blanche, t h e i r  l o c a t i o n s ,  
and s a l t  type.  It can be s een  t h a t  most 
of t h e  h ighes t  methane c o n t e n t s  a r e  t aken  
d i r e c t l y  from o u t b u r s t  c a v i t i e s  o r  from 
s a l t  e j e c t e d  from those  c a v i t i e s .  The 
lower methane concent r a t i o n s  a r e  mainly 
t a k e n  from normal o r  r un -o fmine  s a l t .  
I n  a d d i t i o n ,  t h e  f requency of h ighe r  
hydrocarbons i n c r e a s e s  w i th  methane 
con t en t .  Th is  r e l a t i o n s h i p  was a l s o  
i n d i c a t e d  by Scha t ze l  (1 1). 
F igu re  15 shows the-d i s t r ibu t ion  of 
s a l t  samples and t h e i r  a s s o c i a t e d  methane 
c o n t e n t s  over  t h e  mine a r ea .  The major 
o u t b u r s t  a r e a s  (26  M N ,  25 GN, 31 GN, and 
21 MS) a l l  have h igh  methane c o n t e n t s  
a s s o c i a t e d  w i th  samples drawn from t h e  
o u t b u r s t s  themselves o r  t h e  broken s a l t  
e j e c t e d  from t h e  o u t b u r s t  c a v i t y .  Th is  
o b s e r v a t i o n  is  c o n s i s t e n t  w i th  f i n d i n g s  
a t  o t h e r  domal s a l t  mines i n  t h e  a r e a  
(11). Thi s  r e l a t i o n s h i p  i n d i c a t e s  t h a t  
r o u t i n e  sampling f o r  methane con t en t  can 
be an  e f f e c t i v e  way of i n d i c a t i n g  ou t -  
b u r s t  p o t e n t i a l .  
S c h a t z e l  (11) determined t h a t  t h e r e  is 
a  r e l a t i o n s h i p  between t h e  type  of s a l t  
and volume of a s s o c i a t e d  methane. There 
a r e  t h r e e  t ypes  of rock s a l t ;  normal, 
anomalous, and ou tbu r s t .  Normal s a l t  is 
pure  h a l i t e  w i th  r a r e  i n c l u s i o n s .  Th is  
sa l t  normally has  no methane a s s o c i a t e d  
w i th  it. Anomalous s a l t  c o n t a i n s  s e d i -  
ment, o rgan i c ,  o r  chemical i m p u r i t i e s .  
Th is  type  of s a l t  normally is  more l i k e l y  
t o  be methane en r i ched ,  bu t  t h i s  is no t  
t r u e  of anomalous s a l t  t e s t e d  a t  Cote 
Blanche. Outburs t  s a l t  i s  rock s a l t  co l -  
l e c t e d  d i r e c t l y  from an  o u t b u r s t  c a v i t y ,  
o r  from broken s a l t  e j e c t e d  from such  a  
c a v i t y .  Most samples of t h i s  s a l t  type 
show methane enr ichment ;  a s  do o u t b u r s t  
samples from Cote Blanche. Most normal 
s a l t  samples from Cote Blanche have a  low 
methane con ten t .  Samples were a l s o  co l -  
l e c t e d  s y s t e m a t i c a l l y  a c r o s s  t h e  mine 
a long  e n t r i e s  BN, CN, and HN; two g r a b  
samples p e r  p i l l a r  ( f i g .  15). Most of 
t h e s e  samples show l i t t l e  methane en r i ch -  
ment, suppo r t i ng  t h e  o b s e r v a t i o n  t h a t  
methane occurs  i n  d i s c r e t e  zones ,  r a t h e r  
t han  be ing  d i ssemina ted  uniformly. 
A t  Cote Blanche, methane enr ichment  I n  
s a l t  samples has  occur red  i n  a r e a s  where 
no o u t b u r s t s  occur.  Examples i n c l u d e  t h e  
d e c l i n e  from t h e  f a c e  mined l e v e l  t o  t h e  
bench l e v e l  (13-18 AN). Methane was 
encountered con t inuous ly  d u r i n g  t h e  
development of t h i s  s lope.  Methane was 
emi t t ed  d u r i n g  f a c e  d r i l l i n g  and under- 
c u t  t i n g  ope ra t i ons .  Another a r e a  of 
methane enr ichment  is t h e  v e n t i l a t i o n  
t u n n e l  between 16 and 18 ES. Here, b r i n e  
and methane were encountered d u r i n g  
TABLE 2. - Methane c o n t e n t  and l o c a t i o n  of s e l e c t e d  s a l t  samples ,  Cote Blanche 
s a l t  mine 
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NA Not a v a i l a b l e .  
t u n n e l  advancement through impure,  da rk -  i m p o r t a n t  f a c t o r .  Other  f a c t o r s  may in -  
banded s a l t .  The p resence  of methane i s  c l u d e  rock s t r e n g t h ,  o r  s t r a t a . w e a k e n i n g  
i n d i c a t e d  by popping s a l t ,  l a r g e  c r y s t a l  due t o  g e o l o g i c  o r  mechanical  e v e n t s .  
s i z e ,  and a c t u a l  e m i s s i o n s  i n  a  number of I n h e r e n t l y  weak s a l t  ( f o l d e d  o r  s h e a r e d ) ,  
a r e a s  devo id  of o u t b u r s t s .  While methane o r  s a l t  weakened mechan ica l ly  because  of 
u n d e r  p r e s s u r e  a p p e a r s  n e c e s s a r y  t o  o v e r l o a d i n g  of u n d e r s i z e d  p i l l a r s ,  may be 
o u t b u r s t  occur rence-  i n  t h e  g u l f  c o a s t ,  i t  more s u s c e p t i b l e  t o  blowouts i n  h igh-  
a p p e a r s  t h a t  t h i s  is n o t  t h e  on ly  gas -p ressure  zones.  
RELATIONSHIP OF GEOLOGIC PROPERTIES OF SALT DOMES TO OUTBURSTS 
Three  o t h e r  g e o l o g i c  a s s o c i a t i o n s  of i n  d e t a i l .  Mapped f e a t u r e s  i n c l u d e  ou t -  
s a l t  were i n v e s t i g a t e d  t o  d e t e r m i n e  i f  b u r s t  s i z e ,  shape ,  and l o c a t i o n ;  s a l t  
t h e y  c o u l d  be used t o  p r e d i c t  o u t b u r s t  c r y s t a l  s i z e  and t h e  v a r i a t i o n  of t h a t  
p o t e n t i a l .  These i n c l u d e  l a r g e - s c a l e  and c r y s t a l  s i z e  w i t h  p r o x i m i t y  t o  o u t b u r s t s ;  
l o c a l  s t r u c t u r a l  l a y e r i n g ,  s a l t  c r y s t a l  and s a l t  banding d i r e c t i o n  and d i s t u r -  
s i z e ,  and s a l t  composit ion.  Two o u t b u r s t  bance r e l a t e d  t o  o u t b u r s t s .  S a l t  samples  
a r e a s  a t  Cote Blanche Mine were mapped were c o l l e c t e d  i n  t h e  s t u d y  a r e a s  and 
t e s t e d  f o r  methane c o n t e n t  t o  d e t e r m i n e  
r e l a t i v e  g a s s i n e s s .  
SALT LAYERING AND STRUCTURE 
Large  g e o l o g i c  s t r u c t u r e s  i n  t h e  mine 
a r e  i n d i c a t e d  by t h e  o r i e n t a t i o n  of 
a l t e r n a t i n g  l i g h t  and d a r k  s a l t  l a y e r s .  
T h i s  l a y e r i n g  t r e n d s  n o r t h w e s t  on t h e  
w e s t  s i d e  of t h e  mine and n o r t h e a s t  on  
t h e  east s i d e  and r a n g e s  f rom 45" t o  v e r -  
t i c a l  and o v e r t u r n e d  ( f i g .  8 ) .  An exam- 
p l e  of o v e r t u r n e d  beds o c c u r s  a t  5-6 LN 
( f i g .  11).  Here ,  t h e  l a y e r s  o v e r t u r n e d  
i n  t h e  roof and g i v e  t h e  f a l s e  i m p r e s s i o n  
o f  m u l t i p l e  sandy beds ,  which a r e  a c t u a l -  
l y  one  bed. Dips a v e r a g e  75" t o  85" f rom 
h o r i z o n t a l .  O u t b u r s t s  t e n d  t o  o c c u r  
a l o n g  l i n e a r  t r e n d s  t h a t  p a r a l l e l  l a r g e -  
s c a l e  l a y e r i n g .  I n  t h e  s o u t h e r n  p a r t  of 
t h e  mine a  s e r i e s  of o u t b u r s t s  f o l l o w  a 
l i n e a r  t r e n d  a p p r o x i m a t e l y  N 30" E ,  f rom 
J S  t o  NS. T h i s  d i r e c t i o n  p a r a l l e l s  t h e  
s a l t  l a y e r i n g .  I n  t h e  e a s t - c e n t r a l  p a r t  
o f  t h e  mine, f rom EN t o  EN, a n o t h e r  
s e r i e s  of o u t b u r s t s  a l s o  p a r a l l e l s  l a y e r -  
i n g  t h a t  t r e n d s  N 10" E.  A t  17-18 MS 
t h r e e  o u t b u r s t s  ( e l l i p s o i d  shaped ;  15 by 
7  f t ,  combina t ion  of two; 15  by 5  f t )  
p a r a l l e l  f i n e - g r a i n e d  s a l t  beds t h a t  
t r e n d  N 20" W. I n  s t u d y  a r e a  1, t h e  
s e r i e s  of o u t b u r s t s  a l s o  p a r a l l e l  l o c a l  
l a y e r i n g ,  which t r e n d s  a l m o s t  N 30" E 
( f i g .  6) .  F i n a l l y ,  i n  s t u d y  a r e a  2,  f rom 
FN t o  HN, t h e  l i n e  of o u t b u r s t s  c l o s e l y  
p a r a l l e l s  l a y e r i n g  t h a t  r u n s  approximate-  
l y  due n o r t h  ( f i g .  7) .  
The i n t e n s i t y  of l a y e r i n g  d i s t u r b a n c e  
a p p e a r s  t o  i n c r e a s e  n e a r  a n  o u t b u r s t  
o c c u r r e n c e .  Two o u t b u r s t  a r e a s  were 
mapped i n  d e t a i l .  These  i n d i c a t e  t h e  
c o m p l e x i t y  of l o c a l  l a y e r i n g ,  and show 
t h e  l o c a t i o n  of o u t b u r s t s  up t o  50 f t  
w ide  ( f i g s .  6-7). F i g u r e  6  shows t h e  
s t r u c t u r a l  d e t a i l  t h a t  c a n  be s e e n  i n  t h e  
roo f  i n  s t u d y  a r e a  1. The t i g h t  i s o c l i -  
n a l  f o l d i n g  i n c r e a s e s  i n  complex i ty  nea r -  
e s t  t h e  o u t b u r s t  a r e a  and immedia te ly  
a r o u n d  i t .  Study a r e a  2  a l s o  e x h i b i t s  
complex f o l d i n g  and s h e a r i n g  n e a r e s t  t h e  
o u t b u r s t  a r e a ,  as w e l l  as s a l t  beds t h a t  
d i p  t o  n e a r l y  45". These  zones  of com- 
f o l d i n g  i n t e n s i t y  i n  some a r e a s ,  t h e r e  
a r e  numerous examples of complexly  f o l d e d  
beds  where no o u t b u r s t s  occur .  There-  
f o r e ,  t h e  u s e  of f o l d i n g  and f o l d i n g  
i n t e n s i t y  as a p r e d i c t i v e  t o o l  i s  n o t  
s u p p o r t e d .  
L o c a l l y  two s i t u a t i o n s  a p p e a r  t o  show 
s t r u c t u r a l  c o n t r o l  of l a y e r i n g  o v e r  ou t -  
b u r s t  occur rence .  I n  t h e  s o u t h e r n  p a r t  
of t h e  mine (21  MS), s e v e r a l  o u t b u r s t s  
a r e  c o n f i n e d  between two b l a c k  a n h y d r i t e  
l a y e r s .  The l o c a t i o n  and d i r e c t i o n  of 
p r o p a g a t i o n  of t h e s e  o u t b u r s t s  i s  prob- 
a b l y  c o n t r o l l e d  by t h e  v e r t i c a l  a n h y d r i t e  
l a y e r s  ( f i g .  16).  I n  one  i n s t a n c e  a 
3- t o  4-ft-diam o u t b u r s t  i s  c o n f i n e d  
between two a n h y d r i t e - r i c h  l a y e r s ,  and 
forms a p i p e  e x t e n d i n g  i n t o  t h e  roo f  t o  
a n  unknown h e i g h t .  I n  a n o t h e r  i n s t a n c e ,  
a t  18-1/2 FS, a small o u t b u r s t  (2- t o  3- 
f t  diam) is  c o n f i n e d  between two f i n e -  
g r a i n e d  s a l t  bands. These  l a y e r s  a p p e a r  
t o  be c o n f i n i n g  t h e  g a s  and a c t i n g  a s  
b a r r i e r s .  
SALT CRYSTAL SIZE 
It i s  wide ly  s u s p e c t e d  by t h e  Gulf 
Coas t  mining i n d u s t r y  t h a t  l a r g e  s a l t  
c r y s t a l s  a r e  r e l a t e d  t o  h i g h  methane con- 
t e n t .  A t  Cote  Blanche ,  where t h e  d e c l i n e  
p l e x  f o l d i n g  e x t e n d  100 t o  150 f t  beyond 
t h e  o u t b u r s t  a r e a  i n  a l l  d i r e c t i o n s .  FIGURE 16.-Outbursts confined between anhydrite (black 
Although o u t b u r s t s  may o c c u r  r e l a t e d  t o  salt) layers. 
t o  t h e  bench l e v e l  produced gas  du r ing  
d r i l l i n g  and undercu t t ing ,  s a l t  c r y s t a l s  
more than  12  i n  long a r e  common. Other 
a r e a s  of unusual ly  l a r g e  c y r s t a l  s i z e  
o f t e n  a r e  cha rac t e r i zed  by popping s a l t  
(24 LN, 17 LN) ( f i g .  8).  l'he t e x t u r e  of 
s a l t  c r y s t a l s  w i th in  Cote Blanche Mine 
has  been descr ibed  a s  p o i k i l o b l a s t i c  
(10) This  is a  metamorphic rock 
t e x t u r e  i n  which l a r g e  c r y s t a l s  form i n  a  
ma t r ix  of f i n e r  g ra ined  m a t e r i a l  and a l s o  
i nc lude  sma l l e r  c r y s t a l s  w i t h i n  t h e  l a r g e  
c r y s t a l s .  The average s a l t  c r y s t a l  s i z e  
i n  t h e  mine is 1 /8  t o  1/4 i n  wi th  a  nor- 
mal even-grained t ex tu re .  The poik i lo-  
b l a s t i c  t e x t u r e  is common t o  approximate- 
l y  one q u a r t e r  of t h e  mine. Ind iv idua l  
r e c r y s t a l l i z e d  g r a i n s  can range up t o  
t e n s  of f e e t  ac ros s  i n  extreme cases.  
Add i t i ona l ly ,  s a l t  g r a i n  s i z e  does not  
appear  t o  be r e l a t e d  t o  layer ing .  Zones 
of coa r se  c r y s t a l s  c r o s s  l a y e r i n g  and 
f o l d  t r ends  without  being inf luenced.  
Layering,  which r e p r e s e n t s  primary bed- 
d ing ,  has  p e r s i s t e d  from t h e  e v a p o r i t e  
b a s i n  and subsequent r e c r y s t a l l i z a t i o n  
has  ove rp r in t ed  t h e  coa r se  c r y s t a l  
zones. 
F igure  17 shows t h e  d i s t r i b u t i o n  of 
s a l t  c r y s t a l  s i z e  versus  methane conten t  
f o r  219 samples from a l l  over  t h e  Cote 
Blanche Mine. The middle a x i s  of i nd i -  
v i d u a l  g r a i n s  was measured and an  average 
g r a i n  s i z e  was es t imated  f o r  each sample. 
The g r a i n  s i z e  was then  p l o t t e d  versus  
methane con ten t ,  which was ob ta ined  f o r  
each  sample. The normal g r a i n  s i z e  a t  
Cote  Blanche is approximately 118 t o  1/4 
i n .  Most samples i n  t h i s  s i z e  range had 
l i t t l e  v a r i a t i o n  i n  g r a i n  s i z e .  This  
g r a i n  s i z e  i s  cha rac t e r i zed  by low meth- 
ane  conten t  wi th  t he  r e l a t i v e  propor t ion  
of normal s i z e  samples dec reas ing  a s  
methane conten t  i nc reases .  The l a r g e r  
g r a i n  s i z e s  (>0.50 i n )  showed much more 
v a r i a t i o n  i n  t h e  range of g r a i n  s i ze s .  
These s i z e  ranges a l s o  were r e l a t e d  t o  
i n c r e a s i n g  methane conten t .  
I n  both s tudy  a r e a s  l oca t ed  i n  t h e  
n o r t h e a s t e r n  p a r t  of t he  mine, s a l t  crys- 
t a l  s i z e  was mapped i n  proximity t o  t h e  
o u t b u r s t  zone. There is  a  no t i ceab le  
i n c r e a s e  i n  c r y s t a l  s i z e  i n  a  zone t h a t  
p a r a l l e l s  t he  t r end  of t h e  ou tbu r s t  zone 
i n  both s tudy  a r e a s  ( f i g s .  6-7). S a l t  
c r y s t a l  s i z e  changes ab rup t ly  ad j acen t  t o  
t h e  zone. C r y s t a l s  w i th in  t h e  zone 
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FIGURE 17.-Distribution of salt crystal size versus methane 
content at Cote Blanche Mine. 
commonly r e a c h  6 t o  8  i n ,  compared w i t h  
t h e  normal c r y s t a l  s i z e  of 1 / 8  t o  1 / 4  i n .  
The t e x t u r e  i s  p o i k i l o b l a s t i c ,  w i t h  
s m a l l e r  g r a i n s  s e r v i n g  as m a t r i x  f o r  t h e  
o v e r s i z e d  s a l t  g r a i n s .  The zone i s  w e l l  
d e f i n e d  and a p p e a r s  as a v e r t i c a l  enve- 
l o p e  a round  t h e  l i n e a r  o u t b u r s t  t r e n d .  
I n  s t u d y  a r e a  2, t h e  zone i n c l u d e s  a l l  
t h e  o u t b u r s t s  and a r e g i o n  up t o  50  f t  
away. I n  s t u d y  a r e a  1, a l l  b u t  one  of 
t h e  mapped o u t b u r s t s  a r e  i n c l u d e d  w i t h i n  
t h e  c o a r s e .  c r y s t a l  zone. The boundary 
be tween c o a r s e  and normal s a l t  c r y s t a l s  
e x t e n d s  up t o 5 0  f t f r o m  t h e  l i n e o f  
o u t b u r s t s .  
The o c c u r r e n c e  of methane i n  bench 
h o l e s  d r i l l e d  i n  t h e  f l o o r  a l o n g  e n t r y  GN 
g e n e r a l l y  c o i n c i d e s  w i t h  t h e  boundary of 
t h e  c o a r s e  c r y s t a l - g a s s y  zone. Methane 
c o n c e n t r a t i o n s  of o v e r  1 p c t  were  mea- 
s u r e d  a t  t h e  bench f l o o r  h o l e  c o l l a r s  125  
f  t f rom t h e  o u t b u r s t  zone. A c o n c e n t r a -  
t i o n  of n e a r l y  5  p c t  was measured e m i t -  
t i n g  from a h o l e  d r i l l e d  1 h  e a r l i e r  a t  a 
s i t e  100 f t  f rom t h e  o u t b u r s t  zone. 
T h i s  w e l l - d e f i n e d  zone  of l a r g e  c r y s -  
t a l s  is  n o t  u n u s u a l  i n  t h i s  s a l t  mine o r  
o t h e r s  i n  t h e  a r e a .  Muehlberger  r e p o r t s  
a similar zone w i t h  h a l i t e  c r y s t a l s  up t o  
100 f t  l o n g  a t  t h e  Grand S a l i n e  Mine 
(13). S a l t  p u r i t y  is a l s o  w e l l  c o r r e -  
l a t e d  w i t h  c r y s t a l  s i z e .  G e n e r a l l y ,  t h e  
l a r g e r  t h e  c r y s t a l  t h e  p u r e r  t h e  sa l t .  
It is  p o s s i b l e  t h a t  t h e s e  a r e a s  a r e  zones  
o f  r e c r y s t a l l i z a t i o n  due t o  p e r m e a t i n g  
b r i n e  i n  anomalous zones.  Methane, as 
w e l l  as b r i n e ,  may be e n t r a p p e d  w i t h i n  
l a r g e  c r y s t a l s ,  and on t h e  c r y s t a l  bound- 
a r i e s .  These pods t h e n  become i s o l a t e d  
by d i f f e r e n t i a l  movement. 
Most of t h e  a r e a s  i n  which o u t b u r s t s  
o c c u r  have l a r g e r  t h a n  normal c r y s t a l  
s i z e s .  I n  a d d i t i o n ,  most of t h e  a r e a s  i n  
which  h i g h  methane c o n t e n t s  have been 
measured a l s o  have l a r g e  s a l t  c r y s t a l s .  
I n  s t u d y  a r e a s  1  and 2, s a l t  samples  
have  been t e s t e d  f o r  methane c o n t e n t  and  
t h e s e  v a l u e s  p l o t t e d  a l o n g  w i t h  s a l t  
c r y s t a l  s i z e  ( f i g s .  6-7). S tudy a r e a  
1  shows t h a t  s e v e n  samples  w i t h i n  t h e  
c o a r s e  c r y s t a l  zone were e n r i c h e d  i n  
methane ,  w i t h  t h e  h i g h e s t  methane c o n t e n t  
b e i n g  3.2 cm3 p e r  100 g  NaC1. Only one  
sample  o u t s i d e  t h e  coarse-normal  c r y s t a l  
boundary was shown t o  be e n r i c h e d  i n  
methane,  and t h i s  v a l u e  i s  a s s o c i a t e d  
w i t h  a n  o u t b u r s t .  Methane c o n t e n t s  wi th -  
i n  t h e  c o a r s e  c r y s t a l  boundary r ange  a r e  
more t h a n  150 t i m e s  t h o s e  o u t s i d e  t h e  
zone. S tudy a r e a  2 shows s i x  samples  
w i t h i n  t h e  c o a r s e  c r y s t a l  zone  t h a t  were 
e n r i c h e d  i n  methane,  w i t h  t h e  h i g h e s t  
b e i n g  o v e r  6.1 cm3 p e r  100 g NaC1. T h i s  
c o n c e n t r a t i o n  i s  a l s o  more t h a n  150 t i m e s  
t h a t  of a  sample j u s t  o u t s i d e  t h e  zone 
(0.0363 cm3 CH4 p e r  100 g  NaC1). These  
methane e n r i c h m e n t s  c o r r e l a t e  v e r y  w e l l  
w i t h  t h e  o c c u r r e n c e  of c o a r s e  c r y s t a l  
s a l t  and o u t b u r s t s .  Such d e t a i l e d  map- 
p i n g  and sampl ing  i s  n e c e s s a r y  i n  o r d e r  
t o  document t h e  a b r u p t  changes  i n  c r y s t a l  
t e x t u r e  and methane c o n t e n t  t h a t  t a k e  
p l a c e  i n  t h e  complexly f o l d e d  s a l t  dome. 
The u s e  of s a l t  c r y s t a l  s i z e  a l o n g  w i t h  
r o u t i n e  methane c o n t e n t  t e s t i n g  c a n  be 
v a l u a b l e  i n  p r e d i c t i n g  t h e  approach  t o  a 
g a s s y  a r e a .  But i t  must be r e a l i z e d  t h a t  
even  i f  a l l  t h e  c r i t e r i a  i n d i c a t e  t h e  
approach  t o  a g a s s y  a r e a ,  mining may 
a l r e a d y  be ve ry  c l o s e  t o  a n  o u t b u r s t -  
p rone  a r e a .  Face  advance  c o u l d  be a s  
c l o s e  as 50 f t  t o  a h i g h - p r e s s u r e  zone 
b e f o r e  changes  i n  methane c o n t e n t  and 
t e x t u r e  i n d i c a t e  a  p o t e n t i a l  haza rdous  
s i t u a t i o n .  
SALT COMPOSITION 
There  a r e  s e v e r a l  i n s t a n c e s  where i n -  
c l u d e d  sed imen t ,  f i n e - g r a i n e d  s a l t ,  and 
o u t b u r s t s  o c c u r  t o g e t h e r .  A t  23  J S ,  a  
sandy  KC1 bed (6-12 i n  t h i c k )  bends 
s h a r p l y  ( f i g .  9 ) .  On t h e  i n s i d e  of  t h i s  
bend a n  o u t b u r s t  o c c u r r e d .  The o u t b u r s t  
c a v i t y ,  a p p r o x i m a t e l y  1 5  f t  i n  d i a m e t e r  
and  5  f t  h i g h ,  a p p e a r s  t o  be c o n f i n e d  by 
t h e  sandy bed on one s i d e .  Ano the r  o u t -  
b u r s t ,  a p p r o x i m a t e l y  t h e  same s i z e ,  
o c c u r r e d  a l o n g  t h i s  same sandy bed a t  23  
KS. At 22 ON a n  o u t b u r s t  (15- t o  20-f t  
i n  diam, 8  f t  d e e p )  o c c u r r e d  on t h e  
i n s i d e  of t i g h t  f o l d  of a  sandy bed ( 6  i n  
t h i c k ) .  P a r a l l e l  t o  t h e  sandy bed is  a 
t h i n  (6 i n )  ca rbonaceous  s i l t  c l a y  l a y e r  
and  a  bed of f i n e - g r a i n e d  s a l t  (6 i n ) .  
There  a r e  o t h e r  i - n s t a n c e s  (18-19 ON, 24 
MN-NN) where o u t b u r s t s  and s a n d s t o n e  
o c c u r  i n  p r o x i m i t y  t o  e a c h  o t h e r  ( w i t h i n  
100 f t ) ,  b u t  i n  none of t h e s e  c a s e s  does  
i t  a p p e a r  t h a t  t h e  s a n d s t o n e ,  i n  many 
i n s t a n c e s  merely u n c o n s o l i d a t e d  s e d i m e n t ,  
a c t s  a s  a  s i g n i f i c a n t  s o u r c e  o r  c o n d u i t  
f o r  methane. Most of t h e  o u t b u r s t s  and 
o u t b u r s t  a r e a s  o c c u r r e d  where t h e r e  is no 
s i g n  of bedded sediment .  
The f i n e - g r a i n e d  s a l t  t r e n d ,  e x t e n d i n g  
f rom ES t o  OS i n  t h e  s o u t h e a s t e r n  p o r t i o n  
of  t h e  mine, is a s s o c i a t e d  w i t h  hydroca r -  
bons  i n  s e v e r a l  l o c a t i o n s .  A t  1 8  MS, 
f o u r  o u t b u r s t s ,  t h r e e  a p p r o x i m a t e l y  1 5  by 
8 by 5 f t  and one a p p r o x i m a t e l y  3 f t  i n  
d i a m e t e r ,  o c c u r r e d  i n  t h e  roof and r i b .  
These  o u t b u r s t s  a r e  a l i g n e d  p a r a l l e l  t o  
t h e  f  i n e - g r a i n e d  s a l t  l a y e r i n g .  Another  
o u t b u r s t  a t  18-1/2 FS i s  c o n f i n e d  between 
two g l a s s y  s a l t  l a y e r s .  A t  18 ES, t h e r e  
i s  a  p e t r o l e u m  s e e p  i n  t h e  r i b .  A t  17 DS 
a  f r a c t u r e  t h a t  b l e d  methane o c c u r r e d  a t  
t h e  roof - r i b  j u n c t i o n .  The mine opera-  
t o r s  f l a r e d  g a s  from t h e  b l e e d e r  f o r  more 
t h a n  1  y r  t o  a v o i d  a  haza rdous  accumula- 
t i o n  (10). T h i s  gas  v e n t  e x i t s  t h e  
n o r t h e r n  boundary of t h e  f i n e - g r a i n e d  
s a l t  t r e n d .  The v e n t i l a t i o n  t u n n e l  (16- 
18  ES), i n  which wet ,  g a s s y  c o n d i t i o n s  
o c c u r ,  a l s o  c u t s  th rough  t h e  zone of 
h a r d ,  f i n e - g r a i n e d  s a l t .  
1 USING GEOLOGIC MAPPING AND METHANE CONTENT SAMPLING FOR PREDICTION OF GASSY ZONES 
?.. Lne i n v e s t i g a t i o n  of t h e  g e o l c g i c  prop- 
e r t i es  of t h e  Cote Blanche s a l t  dome i s  
aimed a t  d e t e r m i n i n g  how t h e s e  p r o p e r t i e s  
r e l a t e  t o  methane-r ich  zones  and t h e n ,  
u s i n g  t h e  p r o p e r t i e s  w i t h  s i g n i f i c a n t  
r e l a t i o n s h i p s ,  i t  i s  hoped t o  p r e d i c t  
t h e  o c c u r r e n c e  of t h e s e  zones  i n  advance  
of  mining. It was n e c e s s a r y  t o  map t h e  
l o c a t i o n  and t r e n d  of e x i s t i n g  methane- 
r i c h  zones  i n  o r d e r  t o  r e a l i z e  how meth- 
a n e  o c c u r s ,  and i t s  e x t e n t  and d i s t r i b u -  
t i o n  w i t h i n  t h e  mine. Methane-r ich  zones  
c a n  be i n d i c a t e d  by o u t b u r s t s ,  methane 
e m i s s i o n s ,  h i g h  methane c o n t e n t ,  ve ry  
c o a r s e  s a l t  c r y s t a l s ,  and w e t  impure s a l t  
zones .  A t  o t h e r  domal s a l t  mines i n  
s o u t h e r n  L o u i s i a n a ,  i t  h a s  been hypothe- 
s i z e d  t h a t  methane i s  r e l a t e d  t o  boundary 
z o n e s  of anomalous impure s a l t ,  which 
mark t h e  t r a n s i t i o n  between s a l t  s t o c k s .  
These  zones a p p e a r  t o  a t  l e a s t  be s o u r c e s  
of  methane, and c o u l d  p o s s i b l y  be con- 
d u i t s  f o r  gas  m i g r a t i o n  f rom remote 
a r e a s ,  p o s s i b l y  o u t s i d e  t h e  dome. A t  
Co te  Blanche no such  boundary zones  have 
been  exposed by mining. A s e r i e s  of t h i n  
s a n d  beds a r e  t h e  only  i n c l u d e d  sediment  
o c c u r r e n c e s  and t h e s e  a r e  de te rmined  n o t  
t o  be s i g n i f i c a n t  s o u r c e s  of methane. 
It was a l s o  found t h a t  l i n e s  of ou t -  
b u r s t s  p a r a l l e l  l a r g e  and s m a l l  s t r u c -  
t u r a l  f e a t u r e s  i n  t h e  dome* T5e major 
s t r u c t u r a l  p a t t e r n  i s  a  l a r g e  e l i i p t i c a l  
f o l d  t h a t  h a s  a n  a x i s  which r u c s  f rom t h e  
n o r t h w e s t  t o  t h e  c e n t e r  of t h e  nine and 
t u r n s  southward a l o n g  e n t r y  20-21 ( f i g .  
10 ) .  The s e r i e s  of sandy beds c c c u r r i n g  
t h r o u g h o u t  t h e  mine can  be used a s  inarker 
beds  f o r  s t r u c t u r a l  mapping. By docu- 
ment ing t h e  l a r g e - s c a l e  a s  w e l l  a s  t h e  
s m a l l - s c a l e  s t r u c t u r a l  t r e n d s  ( s t u d y  
a r e a s  1 and 2 ) ,  p r o j e c t i o n  of l i n e a r  
t r e n d s  of g a s s y  zones  may be p o s s i b l e .  
I f  methane-r ich  zones  do show l i n e a r  
p r o p e r t i e s  t h e y  may a l s o  be p r o j e c t e d  
v e r t i c a l l y ,  s i n c e  v e r t i c a l  c o n t i n u i t y  is  
c o n s i s t e n t  i n  s a l t  domes. 
D e t a i l e d  mapping of s a l t  c r y s t a l  s i z e  
h a s  shown t h a t  methane-r ich  zones  a r e  
i n d i c a t e d  by l a r g e  s a l t  c r y s t a l s ,  and 
p o s s i b l y  d i s t o r t e d  and k inked  l a y e r i n g .  
These  zones  a r e  a l s o  l i n e a r ,  c a n  be a s  
narrow a s  200 f t  wide ,  and a r e  a b r u p t l y  
s e p a r a t e d  f rom normal s i z e  s a l t  c r y s t a l s  
( 1 8 - 1 4  i n  Rou t ine  documenta t ion  of 
s a l t  c r y s t a l  s i z e  can  a l s o  i n d i c a t e  i f  
t r e n d s  a r e  p r e s e n t ,  and f o r e c a s t  t h e  
approach  t o  a  g a s s y  zone. It was a l s o  
found  t h a t  methane en r i chment  and l a r g e  
s a l t  c r y s t a l s  occur  commonly i n  o t h e r  
p a r t s  of t h e  mine where no o u t b u r s t s  
occur .  I t  a p p e a r s  t h a t  some a d d i t i o n a l  
p a r a m e t e r  i s  i m p o r t a n t  t o  o u t b u r s t  occur -  
rence .  F o s s i b l y ,  t h e  mehcan ica l  p roper -  
t i e s  of rock s a l t  a r e  i m p o r t a n t  i n  t h e  
g e n e r a t i o n  of o u t b u r s t  c o n d i t i o n s .  
Geo log ic  mapping s h o u l d  be done s h o r t l y  
a f t e r  b l a s t i n g  b e f o r e  d i e s e l  s o o t  depos- 
i t s  o b s c u r e s  roof and r i b  s t r u c t u r e s .  
Soot  b u i l d u p  o c c u r s  w i t h i n  a  few months. 
F i e l d  zapp ing  shou ld  be done on no 
s m a l l e r  t h a n  1 i n  = 100 f t  b a s e  maps. 
T h i s  w i l l  a l l o w  most of t h e  complex 
s t r u c t u r a l  d e t a i l  t o  be inc luded .  Accu- 
r a t e  sketches of roof and r i b  banding 
s h o u l d  be made, a s  w e l l  a s  a c t u a l  s t r i k e  
TABLE 3. - Procedures  f o r  p r e d i c t i n g  g a s s y  c o n d i t i o n s  
Mapping....... O u t b u r s t s  ( s i z e  and shape) .  
Banding s k e t c h  i n  roof ( 1  i n  = 100 f t  base  map). 
Bed a t t i t u d e  measure ( s t r i k e  and d i p ) .  
C r y s t a l  t e x t u r e  (even g r a i n e d ,  p o i k i l o b l a s t i c ) ,  average  c r y s t a l  s i z e ,  
c r y s t a l  shape.  
Composition--sediment, i n c l u s i o n s  ( a t t i t u d e ,  bedded, f o r e i g n ) ,  chemi- 
c a l  changes ( c o l o r ,  t a s t e ) .  
Sampling..... . Methane c o n t e n t  of s a l t - - s t a n d a r d  d i s s o l u t i o n ,  a c o u s t i c  f i e l d  d i s -  
s o l u t i o n  ( s e v e r a l  r e p r e s e n t a t i v e  samples  p e r  f a c e ) .  
B o t t l e  sample f o r  methane from b l e e d e r  o r  d r i l l  ho le .  
D r i l l i n g .  ..... E x p l o r a t i o n  hole--200-300 f t  i n  advance. 
Core log- -c rys ta l  t e x t u r e  composit ion.  
R e s e r v o i r  t e s t s - m e t h a n e  con ten t  of c o r e ,  methane f low,  f o r m a t i o n  
p r e s s u r e  packing,  packing i n t e r v a l s ,  r ecovery  t i m e  a f t e r  shut- in .  
Gas composi t ion a n a l y s i s .  
and d i p  read ings  taken.  S p e c i a l  a t t e n -  
t i o n  shou ld  be t aken  t o  map g r a i n  s i z e ,  
d i s t u r b e d  banding,  and r a p i d l y  changing 
bed a t t i t u d e .  S e v e r a l  measurements (bed 
a t t i t u d e ,  g r a i n  s i z e )  p e r  i n t e r s e c t i o n  
a r e  necessa ry .  Any unusual  f e a t u r e s ,  
s u c h  as sediment i n c l u s i o n s ,  t h i c k  b lack  
bands ,  yel low s a l t ,  pet roleum o r  b r i n e  
s e e p s ,  p o t a s h  t r e n d s ,  o r  o u t b u r s t s ,  
s h o u l d  be mapped and a p p r o p r i a t e  b e a r i n g  
taken.  Mapping of sa l t  i m p u r i t i e s  w i l l  
a l s o  be very u s e f u l  f o r  p r o d u c t i o n  
- q u a l i t y .  
The mapping of t e x t u r e  i n c l u d e s  a n  
o v e r a l l  s t a t e m e n t  of type  of t e x t u r e ;  
whether  t h e  s a l t  is even g r a i n e d  o r  
p o i k i l o b l a s t i c .  Mapping c r y s t a l  s i z e  
u s u a l l y  means e s t i m a t i n g  s i n c e  access i s  
l i m i t e d .  It is necessa ry  t o  make many 
o b s e r v a t i o n s  i n  o r d e r  t o  a r r i v e  a t  a  rep- 
r e s e n t a t i v e  g r a i n  s i z e .  T h i s  h i g h  f r e -  
quency of o b s e r v a t i o n  is  a l s o  n e c e s s a r y  
s i n c e  c r y s t a l  s i z e  changes r a p i d l y .  
Methane c o n t e n t  of s a l t  shou ld  be 
de te rmined  a t  each  p roduc t ion  face .  A t  
l e a s t  one sample could  be t a k e n  from t h e  
f a c e  on each of f o u r  c o r n e r s  and one i n  
t h e  middle. T h i s  could  be accomplished 
d u r i n g  t h e  f a c e  l o a d i n g  p a r t  of t h e  min- 
i n g  c y c l e  when a c c e s s  is  a v a i l a b l e  from 
t h e  jumbo d r i l l  p la t fo rms .  These samples 
could  be p rocessed  i n  a s  l i t t l e  5 min 
each  by t h e  a c o u s t i c  d i s s o l u t i o n  t e s t .  
R e s u l t s  from t h e s e  tests could  be used t o  
b u i l d  a  th ree -d imens iona l  model of meth- 
ane  c o n c e n t r a t i o n s .  
In format ion  can  a l s o  be ga ined  from 
d r i l l  h o l e  d a t a .  Long e x p l o r a t i o n  core -  
h o l e s  can be logged f o r  s a l t  composi t ion 
and p u r i t y ,  c r y s t a l  s i z e ,  and methane 
con ten t .  Also,  t h e  d i s k i n g  of c o r e  from 
e x p l o r a t i o n  h o l e s  h a s  been used t o  i n d i -  
c a t e  h igh-pressure  g a s  zones. O r i e n t e d  
p r o p e r l y ,  by knowing e x i s t i n g  g e o l o g i c  
t r e n d s ,  t h e s e  h o l e s  may d e l i n e a t e  poten- 
t i a l  problem a r e a s .  I n  a d d i t i o n ,  r e s e r -  
v o i r  p r o p e r t i e s ,  s u c h  as fo rmat ion  p res -  
s u r e  and g a s  f low may be determined.  
Table  3  shows t h e  n e c e s s a r y  p r e d i c t i v e  
procedures .  
Although t h e  e x i s t e n c e  of any s i n g l e  
c r i t e r i o n  may n o t  be s u f f i c i e n t  t o  i n -  
d i c a t e  g a s s i n e s s ,  i t  a p p e a r s  t h a t  t h e  
p r o b a b i l i t y  of e n c o u n t e r i n g  o u t b u r s t s  is 
g r e a t l y  i n c r e a s e d  when a l l  t h r e e  of t h e  
f o l l o w i n g  c r i t e r i a  a r e  observed:  
1. High methane c o n t e n t .  
2. Unusual ly  l a r g e  s a l t  c r y s t a l  s i z e .  
3. I n c r e a s e d  t i g h t n e s s  of f o l d s  and 
kinking.  
METHANE CONTROL STRATEGIES 
Once s u f f i c i e n t  mapping and sampling must be implemented t o  c o n t r o l  p o t e n t i a l  
d a t a  have been ob ta ined  t o  d e l i n e a t e  po- emiss ion  of methane i n t o  t h e  mine. 
t e n t i a l  methane-rich zones ,  some s t r a t e g y  Iannacchione ( 3 )  - found t h a t  b o r e h o l e s  
d r i l l e d  i n t o  g a s s y  s a l t  zones b u i l t  p res -  
s u r e s  r a p i d l y  when s h u t  i n ,  bu t  t h a t  
t h e s e  p r e s s u r e s  were a l s o  r a p i d l y  d i s s i -  
pa ted .  A d d i t i o n a l l y ,  t h e  h o l e s  had r e l a -  
t i v e l y  low gas  f lows. There fore  a t t e m p t s  
a t  long-range gas  d r a i n a g e  by h o r i z o n t a l  
h o l e s  would f a i l  i n  t h e  impermeable s a l t  
s t r a t a .  Local  d r a i n a g e  might p o s s i b l y  
have some success .  I f  long  e x p l o r a t i o n  
h o l e s  i d e n t i f i e d  methane-rich zones ,  i t  
may be p o s s i b l e  t o  f r a c t u r e  t h e  zone w i t h  
packed c h a r g e s ,  and i n c r e a s e  p e r m e a b i l i t y  
f o r  methane d r a i n a g e ,  and p o s s i b l y  a l l o w  
some stress r e l i e f .  
I f  advance warning of t h e  approach t o  
methane-rich zones is prov ided ,  t h e n  f a c e  
v e n t i l a t i o n  can be a d j u s t e d  t o  d i l u t e  
methane emiss ions .  Also,  a d d i t i o n a l  
methane moni tors  can be p o s i t i o n e d  s o  
t h a t  adequa te  g a s  c o n c e n t r a t i o n  informa- 
t i o n  w i l l  be known b e f o r e  p e r s o n n e l  a r e  
a d m i t t e d  back i n t o  mine. F i n a l l y ,  avoid- 
ance  of t h e  p o t e n t i a l l y  hazardous  a r e a  i s  
a n  o p t i o n  i f  t h e  hazard  i s  s u f f i c i e n t l y  
g r e a t .  
SUMMARY 
Approximately 75 p c t  of t h e  Cote 
Blanche Mine has  been mapped f o r  ou t -  
b u r s t s  and sediment  i n c l u s i o n s .  Approxi- 
mately  25 p c t  of t h e  mine has  been mapped 
f o r  s a l t  bedding a t t i t u d e .  Two o u t b u r s t  
a r e a s  were mapped i n  d e t a i l  f o r  o u t b u r s t  
s i z e  and- shape,  s a l t  l a y e r i n g ,  and s a l t  
c r y s t a l  s i z e ,  and c l o s e l y  sampled f o r  
s a l t  methane c o n t e n t .  Seven sediment 
samples  were ana lyzed  p e t r o g r a p h i c a l l y  
and complete g r a i n  s i z e  d i s t r i b u t i o n s  
were developed f o r  10 o t h e r  sediment 
samples.  
The mapping and sampling programs a t  
Cote  Blanche sa l t  mine have shown t h e  
importance of c o n s i s t e n t  documentation of 
methane o c c u r r e n c e s  i n  unders tand ing  t h e  
e x t e n t  t o  which methane is  d i s t r i b u t e d .  
A d d i t i o n a l l y ,  s e v e r a l  r e l a t i o n s h i p s  were 
observed  t h a t  w i l l  a i d  i n  t h e  p r e d i c t i o n  
of gassy  zones i n  advance of mining. 
Methane-rich zones occur  a s  i s o l a t e d  
l i n e a r  t r e n d s  t h a t  c o n t a c t  a b r u p t l y  w i t h  
normal nongassy s a l t .  I n  two i n s t a n c e s  
t h e  zones were approximately  100 t o  200 
f t  wide,  and p a r a l l e l e d  a l i n e  of ou t -  
b u r s t s .  The gassy  zones were i d e n t i f i e d  
by methane c o n t e n t s  more t h a n  150 t imes  
t h o s e  o u t s i d e  t h e  zone. Large s a l t  c rys -  
t a l s  a r e  a l s o  known t o  be r e l a t e d  t o  
g a s s y  zones ,  and t h e s e  l a r g e  c r y s t a l s  
d e l i n e a t e  t h e  methane-rich zones i n  t h e  
s t u d y  a r e a s .  Local  s a l t  l a y e r i n g  was 
more d i s t u r b e d  i n  t h e  immediate o u t b u r s t  
a r e a ,  and may be d i a g n o s t i c ,  bu t  more 
d e t a i l e d  ev idence  is needed. By mapping 
s a l t  l i t h o l o g y  i t  was observed t h a t  
i n c l u d e d  sediment d i d  not a c t  a s  a  
s i g n i f i c a n t  s o u r c e  o r  c o n d u i t  f o r  methane 
i n t o  t h e  Cote Blanche Mine, a s  i t  had 
been hypothes ized  i n  o t h e r  domal mines i n  
t h e  a r e a .  A zone of h a r d ,  f ine -gra ined  
s a l t  had numerous methane o c c u r r e n c e s  
( o u t b u r s t s ,  methane b l e e d e r ,  pet roleum 
s e e p ) ,  s u g g e s t i n g  some g e n e t i c  r e l a t i o n -  
s h i p .  Rout ine  methane c o n t e n t  t e s t i n g  
and mapping is  an  e f f e c t i v e  way of quick- 
l y  de te rmin ing  t h e  g a s s i n e s s  of a  sample 
and,  by p r o j e c t i o n ,  a  region.  
Mapping h a s  r e v e a l e d  t h e  b a s i c  g e o l o g i c  
s t r u c t u r e  of t h e  sa l t  dome, a s  w e l l  a s  
p rov ided  t h e  f i r s t  documentat ion of t h e  
complete  e x t e n t  of o u t b u r s t i n g  i n  t h e  
mine. More t h a n  80 o u t b u r s t s ,  r a n g i n g  i n  
s i z e  from 1  f t  i n  d i a m e t e r  t o  more t h a n  
50 f t  i n  d iamete r  have been mapped. They 
t e n d  t o  occur  a l o n g  l i n e a r  t r e n d s  t h a t  
p a r a l l e l  s a l t  l a y e r i n g  d i r e c t i o n .  Unl ike  
t h e  o t h e r  s a l t  mines i n  t h e  a r e a ,  out-  
b u r s t s  have occur red  d u r i n g  bench mining,  
and p o s s i b l y  two have p ropaga ted  
downward. 
The o t h e r  modes of occur rence  of meth- 
ane a t  t h e  mine i n c l u d e  t h e  b l e e d i n g  of 
methane from f a c e  and bench b l a s t h o l e s ,  
b l e e d i n g  from u n d e r c u t s  b e f o r e  b l a s t i n g ,  
and t h e  i n f r e q u e n t  v e n t i n g  of methane 
from n a t u r a l  o r  b las t - induced  f r a c t u r e s .  
The p r e d i c t i o n  of gassy  c o n d i t i o n s  i n  
advance of mining can be accomplished by 
c a r e f u l  methane t e s t i n g  of b l a s t e d  f a c e s .  
In format ion  on t h e  methane c o n t e n t  can 
a l s o  i d e n t i f y  l a r g e - s c a l e  t r e n d s  of gas-  
b e a r i n g  s a l t .  S ince  o u t b u r s t s  t e n d  t o  
f o l l o w  l o c a l  s t r u c t u r a l  t r e n d s ,  g e o l o g i c  
mapping i s  necessa ry  t o  p r e d i c t  t h e  
d i r e c t i o n  of p o t e n t i a l  o u t b u r s t s .  T h i s  a l s o  show changes i n  f o l d i n g  i n t e n s i t y ,  
mapping must be accomplished s h o r t l y  s a l t  c r y s t a l  s i z e ,  and methane c o n t e n t  
a f t e r  mining,  b e f o r e  d i e s e l  s o o t  obscures  i n f o r m a t i o n ,  which can  a l l o w  p r e d i c t i o n  
much of t h e  in fo rmat ion .  Mapping w i l l  of g a s s y  zones.  
CONCLUSIONS 
1. Methane-rich zones  a t  Cote Blanche 
o c c u r  a l o n g  l i n e a r  t r e n d s  t h a t  roughly  
p a r a l l e l  s a l t  l a y e r i n g .  The o u t b u r s t s  
t h a t  p u n c t u a t e  some of t h e  zones  t end  t o  
o c c u r  i n  c l u s t e r s ,  w i t h  s m a l l  o u t b u r s t s  
b e i n g  i m p o r t a n t  because  t h e y  i n d i c a t e  
f a v o r a b l e  c o n d i t i o n s  f o r  t h e  f o r m a t i o n  of 
l a r g e  o u t b u r s t s .  These l i n e a r  t r e n d s  can  
be  p r o j e c t e d  v e r t i c a l l y ,  which w i l l  a i d  
i n  mine p l a n n i n g  on m u l t i p l e  i e v e i s .  
2. Methane-rich zones  were found t o  
o c c u r  a b r u p t l y ;  sometimes b e i n g  d e l i n -  
e a t e d  by s h a r p  c o n t a c t s  s u c h  a s  sa l t  
bands. T h i s  means t h a t  mining advance 
c a n  be ve ry  n e a r  a  h igh-pressure  gas  zone 
w i t h o u t  t h e  o p e r a t o r s  be ing  aware. 
3. Very l a r g e ,  well-formed sa l t  c r y s -  
t a l s  of wide ly  v a r y i n g  s i z e  d i s t r i b u t i o n  
have  been shown t o  i n d i c a t e  h i g h  methane 
c o n t e n t .  These zones of h i g h  methane 
c o n t e n t  commonly occur  th roughout  t h e  
mine. Most do n o t  have o u t b u r s t s  
a s s o c i a t e d  w i t h  them. They shou ld  be 
documented f o r  purposes  of e s t a b l i s h i n g  
minewide t r e n d s .  Run-of m i n e  s a l t  c rys -  
t a l s  a r e  normal ly  1/8 t o  1/4 i n  a c r o s s  
and methane f r e e .  
4. Measurement of p i l l a r  s i z e  a t  one 
o u t b u r s t  a r e a  d i d  n o t  appear  t o  show t h a t  
t h i s  pa ramete r  was r e l a t e d  t o  o u t b u r s t  
occur rence .  
5. me best  p r e d i c t i v e  t e c h n i q u e s  
i n c l u d e  c o n s i s t e n t  mapping and sampl ing 
f o r  methane c o n t e n t .  Another method is  
d r i l l i n g  l o n g  e x p l o r a t i o n  h o l e s  i n  
advance of mining f o r  r e s e r v o i r  proper-  
t ies ,  c o r e  d i s k i n g ,  and s a l t  
composi t ion.  
6. S t a n d a r d  long-hole g a s  d r a i n a g e  
t e c h n i q u e s  w i l l  be i n e f f e c t i v e  i n  t h e  
n a t u r a l l y  impermeable s a l t .  It may be 
p o s s i b l e  t o  induce  l o c a l  p e r m e a b i l i t y  
w i t h  packed charges .  
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FIGURE 15.-Location of outbursls and MR aampler with methane content In Cole Blanche Mine 
